This paper presents the results of a simplified method for reconfiguring a small city and rural county to support its current population on the environmental energies available within the boundaries of the county. It is configured as a game, based on the simplifying assumption that the collection and concentration of renewable energies is almost entirely a matter of surface or land area, so that a renewable economy becomes a matter of competing land uses, of tradeoffs between land used for the production of food, fuel, electricity, and so on. E[m]ergy accounting was used to translate different forms of consumption into equivalent land areas, while the many forms of production and consumption were reduced to 25 parameters that can be varied to test alternate scenarios for the county. The results have been coded into a web site for playing the game.
Introduction
The growth and operation of our massive metropolitan system relies as much on the quality of energy supplies as on their sheer quantities. The capture of equivalent amounts of lower density, environmental energies not only requires substantial land areas, but involves additional work, resources, and time to concentrate them into usable fuels, electricity, or other services. E[m]ergy synthesis accounts for all the upstream work and resources involved in contemporary life and offers a powerful tool for understanding the radical urban and economic reorganization necessary to shift to a renewable economy.
As Odum (1983) , Brown (1980 Brown ( , 2003 , Huang (2001) and others have demonstrated, the development of renewable resources is largely a matter of competing land usesof land used for producing food, biofuels, electricity, or manufactured products-with low density resources captured in large areas and concentrated into higher quality products and services for use in smaller, developed land areas. Though there can be some overlapping land uses-photovoltaics on building roofs for example-when considered at scale, the development of a renewable economy will involve a considerable re-allocation of land uses.
Arguable, any city before about 1750 was mostly based on renewable resources, but our question is not how to return to the agricultural patterns of the past, but how to maintain as much of the health, education, and leisure of metropolitan life as possible. To explore that question, this paper uses an e[m]ergy analysis of Chautauqua County, NY, to ask what form of reorganization it would take to support the current population on the renewable income of the County. To keep the study simple, we simply sought to balance the supply and demand of the county, though any real economy would need to produce surpluses with which to trade.
Chautauqua County Accounting
Chautauqua is a largely rural county of 960,115 acres (including water area) in the western part of New York State, bordering Lake Erie and largely defined around Lake Chautauqua, a freshwater lake of about 13,000 acres situated 700 feet above Lake Erie and draining into a separate watershed that ultimately empties into the Gulf of Mexico. Although the county maintains a useful GIS database, much of the resource information needed for a comprehensive e[m]ergy accounting is not tracked at the county level, so data was assembled from a mixture of the National Land Cover Database (NLCD), Census Data, EPA eGrid, normative data for consumption, and inspection of aerial photographs of the urban areas. The information was structured to facilitate the testing of different scenarios by indexing the various forms of production and consumption to units of population and land areas. For this model, four sources of renewable resource inputs were considered, sunlight, the chemical and geopotential of rain, and wind. There is some potential in the area for both wave power on Lake Erie and deep geothermal heat, but the focus was limited to the sources that involved tradeoffs in land area. For the e[m]ergy analysis of the existing county five basic land uses were considered: forest (35.3%), water and wetlands (33.7%), agriculture (21.9%), developed land (5.2%), and natural or unallocated land (3.9%). The total e[m]ergy inputs to the county are shown in Table 1 and total 7.99E+21 sej/yr. Using the average annual, renewable e[m]ergy inputs per acre, it was estimated that the county would require an additional 8.94 counties of land area to power the county on renewable resources. This is a rough and conservative simplification, since the forms of the renewable resources, dominated by the e[m]ergy content of rain, don't directly match the forms of consumption, and also the available resources could not be wholly diverted to human uses. Despite the simplification of the land area calculation, it makes visible the tremendous value of the concentrated fuels currently used to drive the county economy. 
Scenario Builder: Primary and Support Land Areas
To explore the scenarios for a county based only on renewable inputs, twenty-five parameters (more to be activated soon) were identified to describe aspects of change in the human patterns of consumption, transportation and settlement. These are shown in Figure 2 .2, and for each category of land use, they were used to determine the amounts of primary and support land areas required to meet that level of consumption. The primary land areas are the actual areas required for a particular level of activity, for example the agricultural land required to provide a specific quantity of crops or the area of photovoltaic panels to provide a quantity of electricity. For resource flows involving modest or non-exclusive use land, no primary land was allocated, but the support land area was determined.
To determine the support area, the total e[m]ergy inputs for each activity were divided by the average renewable inputs per acre of county to estimate the amount of additional land that would be needed to capture and concentrate environmental energies for the primary land use. For example, each acre of forest used to provide harvested wood requires an additional .057 acres to capture the energies used for harvesting and transporting the wood. In contrast, each acre of photovoltaic panels requires an additional 512 acres of land to capture the energy and resources needed to provide new panels at the end of their useful life, illustrating the difference in cost and quality between biomass and electricity.
Broadly speaking there are two kinds of parameters that were included, efficiencies of production and efficiencies (or reductions) of consumption. Both will be needed to achieve the reduction in land area required, and are currently combined for some factors. For example building energy consumption decreases as the Density of Develop Land is increased, combining a reduction in building area and greater efficiency of construction and systems. The most significant simplification in this model is the effect of transportation distances, which are linearly connected to density. Incorporating a more nuanced calculation of commuting distances for different settlement patterns would add significantly to the accuracy of the model.
Land Allocation
In order to test the impact of the identified lifestyle and efficiency changes, and determine the primary and secondary land areas to support those choices, a scenario planning tool has been constructed that provides a graphic output of the changes that would need to take place to land allocation within the county. A base map was established with current land allocation based on GIS land cover data, with each pixel equating to 159.46 acres. Superimposed on this map are the 17 major settlement points in Chautauqua County, ranging in scale from Jamestown (population 31,146) to Sunset Bay (population 637). It is from this baseline position that the impact of changing the twenty-five parameters can be investigated.
For each settlement point a land "demand" is calculated based on the population of that settlement point. To remap the county two "passes" take place. The first finds the nearest available pixels of each land type required to supply the settlements with what they need, without taking any from a neighboring settlement. If there is a shortfall identified at this stage (where available land has been distributed equally based on population demand) a second pass takes place wherein the nearest unallocated point is identified and that pixel is reallocated to a new land use, based on any shortfall in demand for that settlement point. There is a further hierarchy embedded during this phase that first looks at natural, then forest, then agriculture, and then developed land, based on the 'ease' with which these land uses can be converted to other uses. For example, if Sunset Bay requires 10 pixels of agriculture land (or 1,594.6 acres) it first looks for the 10 nearest available agriculture pixels on the baseline map. If, after the demand of Silvercreek and Forestville are taken into account, only 8 pixels are available it will then look for the nearest 2 unallocated pixel and convert that to agricultural land. If a shortfall still exists after this then it is clear that the settlement cannot be supported within the current limits of the county border.
It is this reallocation, or remapping, of the county that creates the changed map and it is this map, in combination with the revised inputs, that can be used as a tool in the decision making processes that shape the future of our cities and regions. Variable testing can be undertaken wherein the impact of changing each parameter can be measured. Furthermore, analysis can take place about the impact of changing population distribution across the county, for example what happens if the population of Jamestown increases by 50,000, is that sustainable in the long term given a particular lifestyle? Further questions can be asked about whether or not the location of existing settlements is correct, should new settlements be built? 
Scenario Planning as a Design Tool
The use of maps in assisting the allocation of space has a rich history and sits alongside the allocation of metrics to these maps to assist in how we perceive concepts external to our typical (human) scale of understanding and interaction. Arguably the most important development in this field in the last fifty years was the "McHarg Method" (McHarg, 1969) that demonstrated how urban planners could take a more environmentally conscious approach to both evaluating and implementing development. With the proliferation of big data, a new "intelligent terrain" (Dunn, 2013) is emerging wherein open-source data, provided by governments and private institutions, is linked to geospatial information, creating the opportunity for new scenario planning tools that are cross platform and free at the point of use. These new digital platforms can connect citizens and involve them directly in the decision making processes that shape their lives and enable them to take action to improve them.
For any individual actively involved in shaping a 'renewable' future it can at times be difficult to comprehend the consequences (both positive and negative) that their decisions will have. Scenario planning is one possible tool that can help determine the extents of this indeterminacy, although it does not predict the future it does help to establish both limitations and possibilities. Tools such as this are needed to help contextualize and visualize the dynamic tradeoffs that must take place and it is within this framework of possibilities that the New Chautauqua Game has been developed, providing a simulated environment where the implications of calibrating a county around twenty-five parameters can be played out, reviewed, debated and re-tested. Design professionals (and citizens) can determine the correct point to step away from analyzing a situation (whether through mapping or otherwise) and augment that situation with their design skills.
While this method strips away some of the potential that a live connection would offer the resulting scenario builder, linked as it is to a static database, it is still a powerful demonstrator of the potential. A major driver for this is that each pixel on the resulting maps generated by the scenario builder equates to 159.46 acres in the real Chautauqua County, alongside a wealth of other performance metrics. Given greater computing power and more data this figure could be reduced so that one pixel was equal one acre or less, so that decisions could be planned on a more readily understandable (and accessible) scale, shrinking the point of analysis from the region to the city. Performance metrics such as these allows the built environment to be quantified into a series of inputs and outputs that can be checked against original intentions, afford better tracking of information, and ultimately lead to be more informed decisions being taken.
Conclusion
The ambition to build a renewable city is a complex and difficult task, especially as the cities and the citizens tasked with designing and living in it have to understand the rich ecosystems upon which they depend. E[m]ergy accounting provides a method with which to account for the flows of energy within these systems and the New Chautauqua Game provides an accessible platform within which the impacts of changing these flows can be understood.
This method reveals the strengths and limits of e[m]ergy accounting as a projective tool. Its great power is to make explicit the tremendous upstream work and resources used in our current patterns of living. Conversely, true redesign means that the many forms of production and concentration embedded in e[m]ergy intensities have to be unpacked. Translating the vast flow of modern living into the equivalent land areas needed to shift to renewable resources quickly shifts the debate about a sustainable future from questions about consumption and morality to the more immediate questions of supply, demand, and land use.
